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(54) Determining the transmission quality of a radio channel 



(57) For determining the transmission quality of a ra- 
dio channel (DPDCH) it is well known to estimate meas- 
ures such as the so-called signal-to-interference ratio, 
the so-called frame error rate or the so-called bit error 
rate (BER). 

According to the invention it is proposed to take, at 
the receiving end, from the signaling data (TPC; TFCI) 
that part (TFCI) of signaling data which are which are 
encoded and transmitted with the higher redundancy 
and to compare them (TFCI) with reference data (REF), 



and to compute on the basis of this comparison a meas- 
ure (BER) of the transmission quality of the radio chan- 
nel (DPDCH). Thus, a measure (BER) of the transmis- 
sion quality is computed on the basis of a small but very 
reliable set of data. Therefor few processing time and 
power are needed to accomplish an accurate result. The 
invention will preferably be applied to radiocommunica- 
tions systems in which CDMA radio signals are trans- 
mitted and which is compatible to the standard UMTS 
(universal mobile telecommunications system). 
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Description 

[0001] This invention relates to a method of determin- 
ing the transmission quality of a radio channel as set 
forth in the preamble of claim 1 . The invention also re- 
lates to a circuit for carrying out the method, to a radio 
receiver comprising such a circuit, to a radio device 
comprising such a radio receiver and to a radiocommu- 
ntcations system comprising such radio devices as set 
forth in the preambles of the respective independent 
claims. 

[0002] For determining the transmission quality of a 
radio channel it is well known to estimate measures 
such as the so-called signal-to-interference ratio (SIR), 
the so-called frame error rate (FER) or the so-called bit 
error rate (BER), the latter indicating how many of the 
total number of transmitted bits are wrongly detected. 
These measures represent quality of service criteria that 
are commonly used to control the radio transmission 
power for providing a sufficient level of quality. In the 
case of packet data transmission, e.g. a maximum bit 
error rate of 1 0~ 6 may be acceptable for providing a high 
quality of service. 

[0003] A known prior art teaching of a method of de- 
termining the quality of a radio channel is disclosed in 
U.S. Pat. No. 5,406,562 (Roney). There is disclosed a 
BER estimation process of user information and of con- 
trol signals which are transmitted within a digital radio 
telecommunications system. The user information is 
transmitted over a radio channel and the control signals 
are transmitted over a signaling channel which is asso- 
ciated with that radio channel. The signaling channel is 
referred to in the art as a Fast Associated Control Chan- 
nel (FACCH). For determining the quality of the radio 
channel both the user information and the control sig- 
nals represent input data of the BER estimation process. 
The estimated BER of the control signals is subtracted 
from the estimated BER of the user information. The dif- 
ference is then compared with a threshold in order to 
decide whether the received data is encoded user infor- 
mation or a control signal (FACCH message). This 
known BER estimation process is quite complex, be- 
cause both sorts of received data, i.e. the useful data 
(user information) and the signaling data (control sig- 
nals), have to be evaluated within the BER estimation 
process. Therefor processing times and power for per- 
forming this known method are high. This U.S. Patent, 
however, does not teach or suggest a method of deter- 
mining the quality of a radio channel in a quick and ro- 
bust manner. 

[0004] Another well-known method of determining the 
BER of a radio channel on which data are sent according 
to a given interleaving scheme is the following: At the 
receiving end, the decoded bits which come from the 
output of the decoder, e.g. from a Viterbi decoder, are 
re-encoded and compared with the received raw bits be- 
fore decoding. This implies, however, that a full inter- 
leaver block has to be stored in a buffer memory and 



that the full datastream has to be re-encoded. Alterna- 
tively another measure of quality, the so-called "quality 
metric", can be deduced from the operation of the Viterbi 
decoder. This is not without a certain extra complexity 

5 in the decoder. 

[0005] It is an object of the invention to present an im- 
proved method of determining the transmission quality 
of a radio channel with an associated signaling channel, 
especially to present a method which needs less 

w processing time and power. Beside this it is desirable to 
have a circuit for carrying out the method, a radio receiv- 
er comprising such a circuit, a radio device comprising 
such a radio receiver and a radiocommunicattons sys- 
tem comprising such radio devices. 

is [0006] The object is attained by a method with the fea- 
tures according to claim 1 and by a circuit, a radio re- 
ceiver, a radio device, and a radiocommunications sys- 
tem with the features according to the respective inde- 
pendent claims. 

20 [0007] Accordingly, it is proposed to divide, at the 
transmitting end, the signaling data into at least two 
parts, with a first part being encoded with a higher re- 
dundancy than a second part, and then to compare, at 
the receiving end, the signaling data from the first part 

25 which is encoded and transmitted with the higher redun- 
dancy with reference data, and then based on this com- 
parison to compute a measure of the transmission qual- 
ity of the radio channel. 

[0008] Thus, a measure of the transmission quality is 
30 computed on the basis of a small but very reliable set of 
data. Therefor less processing time and power are 
needed to accomplish an accurate result. The invention 
is predicated on recognition that evaluating of quite a 
few signaling data is sufficient to calculate a reliable 
35 measure of the transmission quality, such as the bit error 
rate, if these signaling data are encoded with high re- 
dundancy. 

[0009] Further advantageous features of the inven- 
tion are defined in the subclaims. 

40 [0010] Accordingly, a code formed from a number of 
n orthogonal block codes is used to encode said sign- 
aling data with the higher redundancy, and said n or- 
thogonal block codes are used as the reference data. 
Thus, the reference data represent a limited number of 

45 reference code words which can easily be stored in a 
memory in the shape of a look-up table. And the com- 
parison of the transmitted signaling data with these ref- 
erence data is performed data word by data word. Thus 
the process of data comparison is very fast. 

50 [0011] Furthermore, the signaling data are transmit- 
ted in frames divided into time slots, and at least the 
encoding using the n orthogonal block codes is per- 
formed frame by frame, with Walsh -Hadamard codes 
being used for the block codes. The use of this special 

55 sort of codes provides very high redundancy while 
processing power for encoding the data is very low. 
[0012] A further advantage arises if the signaling data 
encoded with the higher redundancy are transmitted 
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and received as n-bit sequences, and if the reference 
data comprise n-bit reference sequences, with which 
the respective received bit sequence is compared. In 
this connection it is particularly advantageous if the re- 
ceived bit sequence is compared with the n-bit reference 
sequences by correlating the bit sequences to obtain 
correlation products, if the greatest of which is used to 
compute a bit error rate which is the measure of the 
transmission quality of the radio channel, and which is 
given as 

BER = 1 -{\Rk\ + y)/2y, 

with y = n • ld(n) [Id: logarithm to the base two]. 
[0013] Thus the calculation of the bit error rate is a 
result from a data correlation process which has to be 
performed in the decoder anyway so that no extra com- 
plexity in hardware design occurs. 
[001 4] A further advantage arises if the radio channel 
is a CDMA radio channel, and if the signaling data en- 
coded with the higher redundancy define parameters for 
the decoding of the useful data transmitted over the ra- 
dio channel, particularly the interleaving pattern and the 
spreading factor to be used for the transmission on the 
CDMA radio channel. Thus the very reliable transmis- 
sion of this special sort of signaling data is exploited not 
only for getting the parameters of the decoding scheme 
but also for estimating the quality of the radio channel. 
[0015] The invention will now be described in more 
detail with reference to the accompanying drawings, in 
which: 

Fig. 1 is a flowchart of a method of determining the 
transmission quality of a radio channel in ac- 
cordance with the invention; 

Fig. 2 shows a schematic diagram of the transmis- 
sion scheme according to which useful and 
signaling data are transmitted; 

Fig. 3 shows schematically the structure of a radio 
communications system with radio devices 
comprising receivers according to the inven- 
tion; and 

Fig. 4 shows schematically the structure of such a 
radio device. 

[0016] Fig. 1 shows a flowchart of a method 100 com- 
prising the steps 110 to 140 in which the transmission 
quality of a radio channel is determined in accordance 
with the invention. The input data for the first step 110 
are signaling data TFCI which define parameters for the 
decoding of the useful data which are transmitted on the 
radio channel. 

[0017] The format of these data and the scheme ac- 
cording to which they are transmitted are known per se 



from the technical report "UTRA FDD; Physical layer 
procedures", page 17, figure 3. This report carrying the 
inscription "3GPP RAN S1.14" was published in Feb. 
1999 in the internet (see "http//www.3gpp.org") by the 
s 3 rd Generation Partnership Project, which is the stand- 
ardization body for the future radio communications sys- 
tem UMTS (Universal Mobile Telecommunications Sys- 
tem). 

[0018] According to the invention these signaling data 
TFCI which are encoded with a high redundancy are not 
only used to inform the radio receiver about parameters 
for decoding, like spreading factor and interleaving 
scheme, but also TFCI are used to compute a measure 
of the transmission quality, namely the bit error rate 
BER. 

[0019] It can be seen from Fig. 2 that these signaling 
data TFCI and further signaling data TPC are transmit- 
ted together with useful data DAT within a TDM (time 
division multiplex) scheme having time frames TF Each 
time frame TF is subdivided into 16 time slots TS, each 
time slot having two data fields for carrying signaling da- 
ta TPC (1 bit) and TFCI (2 bits) and one data field for 
carrying useful data DAT This means that the signaling 
data are divided into a first part TFCI and into a second 
part TPC whereas the useful data DAT are not divided 
into different parts. The respective two signaling data 
fields represent the signaling channel DPCCH which is 
also named "dedicated physical control channel". The 
single useful data field represents the radio channel DP- 
DCH which is also named "dedicated physical data 
channel". The difference between the first part TFCI and 
the second part TPC of the signaling data is that the first 
part TFCI, the so-called "transport format combination 
indicator", is encoded with a higher redundancy than the 
second part TPC, the so-called "transmit power com- 
mand". 

[0020] The method of determining the transmission 
quality of the radio channel will now be described with 
reference to both Fig. 1 and 2: 
[0021] In the first step 1 1 0 the first part of the signal- 
ing data TFCI from each time frame TF having 16 time 
slots TS are taken together to constitute a 32 bit se- 
quence. In Fig. 2 the i-th time frame TF is shown from 
which the i-th sequence SWi is derived. This sequence 
SWi is equal to one of 32 predefined Walsh-Hadamard 
code words WHn and which is transmitted according to 
the shown transmission scheme (see Fig. 2) from the 
radio transmitter to the radio receiver 
[0022] In the next step 120, at the receiving end, a 
sequence RWi is received which is different to SWi be- 
cause of radio transmission deficiencies like interfer- 
ence from noise or co-channel, multipath propagation, 
fading etc. 

[0023] For determining the quality of the radio channel 
DPDCH this received 32 bit sequence RWi is compared 
with a set of 32 orthogonal block codes WHn within the 
next step 130. The block codes are represented by 32 
different Walsh-Hadamard code words WHn, one of 
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which is equal to the sent sequence SWi. That Walsh- 
Hadamard code word WHn which mostly matches to the 
received RWi is considered to be the reproduction of the 
transmitted sequence SWi. 

[0024] In a next step 140 the bit error rate BER is com* s 
puted by determining the number of bits from the re- 
ceived RWi which are different to those bits of the trans- 
mitted SWi. At the end of step 140 the bit error rate BER 
has been calculated for the duration of the i-th time 
frame TF. 

[0025] In order to get a more reliable measure of the 
radio channel quality the step 110 to 140 are repeated 
frame by frame for the duration of several time frames 
covering a given time period, e.g. 20 sec. The average 
value of the calculated results represents the averaged 
bit error rate which can then be compared with a thresh- 
old value which represents the minimum quality level. 
This means that the BER must not rise up to a threshold 
which is, e.g. 10" 6 . Otherwise more transmission power 
will be requested at the transmitting end. 
[0026] Instead of performing the described method 
step 130, in which the received bit sequence RWi is 
compared with the Walsh-Hadamard codes words being 
stored in a look-up table, the received sequence RWi 
can be correlated with n bit reference data to obtain cor- 
relation products. Then the greatest correlation product 
R K is used to calculate the bit error rate BER which is 
given as 

BER= ,.\RkUy 
2»y 

with y = n • Id (n) [Id: logarithm to the base two] 
[0027] Fig. 2 shows schematically the transmission 
scheme which is used for transmitting the useful data 
DAT on the radio channel DPDCH and the signaling data 
TPC and TFCI on the signaling channel DPCCH. Fig. 2 
also shows schematically the process of evaluating the 
one signaling data TFCI for computing the bit error rate 
BER. Thus Fig. 2 is a different illustration of the method 
steps shown in Fig. 1 . 

[0028] What can be seen in more detail from Fig. 2 is 
that from the already existing two parts TPL and TFCI 
that part of the signaling data TFCI which is encoded 
with the higher redundancy is taken to determine the 
transmission quality of the radio channel DPDCH. In ad- 
dition to this it can be seen from Fig. 2 that this part of 
the signaling data TFCI is transmitted in 2 bit long data 
fields, one per each time slot TS. However, the evalua- 
tion of the TFCI data for determining the BER is done 
frame by frame. This is done by assembling the 1 6 TFCI 
data fields of each time frame TF to a 32 bit sequence 
SWi. At the receiving end the respective sequences RWi 
are then compared in a comparator CMP with reference 
data REF consisting of 32 different Walsh-Hadamard 
code words WHn. This is preferably done by using a 
look-up table in which the different Walsh-Hadamard 
code words WHn are stored. The comparison of RWi 



6 

with WHn corresponds to a correlation process for cal- 
culating 32 correlation products of which the largest val- 
ue R K is then taken to compute the bit error rate BER 
according to the equation: 

eCT=1 .IHM±/ 

2»y 

with y = n • ld(n) [Id: logarithm to the base two]. 
[0029] Thus a measure for the transmission quality is 
computed in a rapid and reliable manner. The above 
equation is used to obtain the BER in the case of hard 
bit coding. However, in the case of soft bit coding the 
following equation should be used: 




with y = n • ld(n) and Ri is the i-th correlation product. 
[0030] In the above, desribed embodiment of the in- 
vention the signaling data are divided into two parts be- 
ing encoded with different degrees of redundancy, and 
that part having the higher degree of redundancy is tak- 
en to determine a measure of the quality of the radio 
channel, esp. to determine the BER. If there are signal- 
ing data being divided into more than two parts, that part 
being encoded with the highest redundancy would pref- 
erably be taken to determine the BER. 
[0031] Fig. 3 shows schematically the structure of a 
radiocommunications system RS having at least one 
base station NB for providing mobile radio service to at 
least one mobile station UE. Both radio devices, the 
base station NB as well as the mobile station UE, are 
equipped with a radio transmitter TX and with a radio 
receiver RX which is constructed according to the teach- 
ing of the invention and which will be described later in 
more detail with reference to Fig. 4. 
[0032] The system shown in Fig. 3 is a CDMA mobile 
radio system in which radio signals are transmitted ac- 
cording to the aforementioned standard UMTS. This 
means that the radio channels DPDCH for transmitting 
useful data, the so-called dedicated physical data chan- 
nels, are separated from each other by using different 
spreading codes (channelization codes). With each ra- 
dio channel DPDCH a signaling channel DPCCH, the 
so-called dedicated physical control channel, is associ- 
ated. The transmission scheme for the uplink direction 
is shown in Fig. 2 and has already been described. 
[0033] In Fig. 4 the block diagram of the mobile station 
UE is shown. The mobile station UE comprises an an- 
tenna A, a duplexer DP connected thereto, a radio trans- 
mitter TX connected to the input of the duplexer DP and 
a radio receiver RX connected to the output of the du- 
plexer DP. The in put of the transmitter TX is fed with 
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transmitting data TD, like voice, video or packet data 
coming from preceding stages (not shown here). The 
radio receiver RX is equipped with a receiving stage 
RAKE having the architecture of the well-known Rake 
receiver. The output of the receiving stage RAKE is con- 
nected with the input of a decoding stage DEC having 
the architecture of the well-known Viterbi decoder. The 
output of the decoding stage DEC provides receiving 
data RD to the succeeding audio stages for processing 
voice date, to data interfaces for processing packet data 
etc. (not shown here). 

[0034] According to the invention the radio receiver 
RX is additionally equipped with a circuit C for determin- 
ing the transmission quality of the radio channel by per- 
forming the described method. 
[0035] Thus the circuit C evaluates the received 32 bit 
sequences RWi and computes a bit error rate BER by 
comparing frame by frame these received sequences 
RWi with the stored Walsh-Hadamard code words WHn. 

[0036] Therefor the circuit comprises a comparator 
CMP, a memory M and a processor P both being con- 
nected thereto. One input of the comparator CMP is con- 
nected to the output of the memory M in which the 
Walsh- Hadarmard code word WHn are stored. The oth- 
er input of the comparator CMP is connected to the out- 
put of the receiving stage RAKE which provides the re- 
ceived sequences RWi. The output of the comparator 
CMP provides the correlation products derived from the 
comparison process. From the best correlation product 
Rk the processor P then computes the bit error rate BER 
and decides whether a "power up command" PWC 
should be sent to the base station in order to indicate 
that the power level at the receiving end is too low. 



Claims 

1. A method (100) of determining the transmission 
quality of a radio channel (DPDCH) on which useful 
data (DAT) are transmitted and with which a signal- 
ing channel (DPCCH) is associated on which sign- 
aling data (TPC; TFCI) are transmitted (step 120), 
characterized In 

that at the transmitting end, the signaling data are 
divided into at least two parts (TPC; TFCI), with a 
first part (TFCI) being encoded (step 110) with a 
higher redundancy than a second part (TPC), that 
at the receiving end, the signaling data from the first 
part (TFCI) which is encoded and transmitted with 
the higher redundancy are compared (step 130) 
with reference data (REF), and that based on this 
comparison, a measure (BER) of the transmission 
quality of the radio channel (DPDCH) is computed 
(step 140). 

2. A method ( 1 00) as claimed in claim 1 , characterized 
in that a code formed from a number of n orthogonal 



block codes (WHn) is used (step 1 1 0) to encode the 
signaling data from said first part (TFCI) with the 
higher redundancy, and that said n orthogonal block 
codes (WHn) are used (step 130) as the reference 
5 data (REF). 

3. A method (100) as claimed in claim 2, characterized 
in that the signaling data (TPC, TFCI) are transmit- 
ted (step 1 20) in frames (TF) divided into time slots 
10 (TS), and that at least the encoding using the n or- 
thogonal block codes is performed frame by frame 
(step 1 10), with Walsh-Hadamard codes (WHn) be- 
ing used for the block codes (steps 110 and 130). 

'5 4. A method (1 00) as claimed in claim 2, characterized 
in that the signaling data from said first part (TFCI) 
encoded with the higher redundancy are transmit- 
ted and received (step 120) as n-bit sequences 
(RWi), and that the reference data (REF) comprise 

20 n-bit reference sequences (WHn), with which the 
respective received bit sequence (RWi) is com- 
pared (step 1 30). 

5. A method (1 00) as claimed in claim 4, characterized 
25 in that the received bit sequence (RWi) is compared 

with the n-bit reference sequences (WHn) by corre- 
lating the bit sequences to obtain correlation prod- 
ucts (step 130), the greatest (Rk) of which is used 
(step 140) to compute a bit error rate (BER) which 
30 js the measure of the transmission quality of the ra- 
dio channel (DPDCH), and which is given as 

BER = 1 - (IRkl + y )/2y, 

35 

with y = n • ld(n). 

6. A method (1 00) as claimed in claim 1 , characterized 
in that the radio channel is a CDMA radio channel 

40 (DPDCH), and that the signaling data from said first 
part (TFCI) encoded with the higher redundancy de- 
fine parameters for the decoding of the useful data 
(DAT) transmitted over the radio channel (DPDCH), 
particularly the interleaving pattern and the spread- 
's jng factor to be used for the transmission on the CD- 
MA radio channel (DPDCH). 

7. A circuit (C) for a radio receiver (RX) which deter- 
mines the transmission quality of a radio channel 

so (DPDCH) with an associated signaling channel 
(DPCCH) on which signaling data (TPC; TFCI) are 
transmitted, v 
characterized In 

that at the transmitting end, the signaling data are 
55 divided into at least two parts (TPC; TFCI), with a 
first part (TFCI) being encoded with a higher redun- 
dancy than a second part (TPC), that the circuit (C) 
comprises a memory (M) for reference data (REF) 
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and a comparator (CMP) connected thereto which 
compares the signaling datatrom said first part (TF- 
Cl) encoded and transmitted with the higher redun- 
dancy with the stored reference data (REF), and 
that the circuit (C) further comprises computing s 
means (P) which compute a measure (BER) of the 
transmission quality of the radio channel (DPDCH) 
based on this comparison. 

/ 

8. A radio receiver (RX) comprising a circuit (C) which 10 
determines the transmission quality of a radio chan- 
nel (DPDCH) with an associated signaling channel 
(DPCCH) on which signaling data (TPC; TFCI) are 
transmitted, 

characterized in is 

that at the transmitting end, the signaling data are 
divided into at least two parts (TPC; TFCI), with a 
first part (TFCI) being encoded with a higher redun- 
dancy than a second part (TPC), that the circuit (C) 
comprises a memory (M) for reference data (REF) 20 
and a comparator (CMP) connected thereto which 
compares the signaling data from said first part (TF- 
CI) encoded and transmitted with the higher redun- 
dancy with the stored reference data (REF), and 
that the circuit (C) further comprises computing 25 
means (P) which compute a measure (BER) of the 
transmission quality of the radio channel (DPDCH) 
based on this comparison. 



ted, 

characterized in 

that the radio transmitter (TX) encodes the signaling 
data which are divided into at least two parts (TPC; 
TFCI), with a first part (TFCI) being encoded with a 
higher redundancy than a second part (TPC), that 
the circuit (C) of the radio receiver (RX) comprises 
a memory (M) for reference data (REF) and a com- 
parator (CMP) connected thereto which compares 
the signaling data from said first part (TFCI) encod- 
ed and transmitted with the higher redundancy with 
the stored reference data (REF), and that the circuit 
(C) further comprises computing means (P) which 
compute a measure (BE R) of the transmission qual- 
ity of the radio channel (DPDCH) based on this 
comparison. 



9. A radio device (NB, UE) comprising a radio trans- 30 
mitter (TX) and a radio receiver (RX), the latter be- 
ing equipped with a circuit (C) which determines the 
transmission quality of a radio channel (DPDCH) 
with an associated signaling channel (DPCCH) on 
which signaling data (TPC; TFCI) are transmitted, 35 
characterized in 

that the radio transmitter (TX) encodes the signaling 
data which are divided into at least two parts (TPC; 
TFCI), with a first part (TFCI) being encoded with a 
higher redundancy than a second part (TPC), that 40 
the circuit (C) of the radio receiver (RX) comprises 
a memory (M) for reference data (REF) and a com- 
parator (CMP) connected thereto which compares 
the signaling data from said first part (TFCI) encod- 
ed and transmitted with the higher redundancy with 45 
the stored reference data (REF), and that the circuit 
(C) further comprises computing means (P) which 
compute a measure (BER) of the transmission qual- 
ity of the radio channel (DPDCH) based on this 
comparison. so 



10. A radiocommunications system (MRS) comprising 
radio devices (NB, UE) each of which having a radio 
transmitter (TX) and a radio receiver (RX), the latter 
being equipped with a circuit (C) which determines ss 
the transmission quality of a radio channel (DPD- 
CH) with an associated signaling channel (DPCCH) 
on which signaling data (TPC; TFCI) are transmit- 
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